Summary Hedeoma multiflorum (Lamiaceae) commonly known as tomillito de las sierras is a native aromatic herb used in folk medicine for its stimulant and digestive properties. Plants are collected in the wild; their uncontrolled exploitation exceeds their rate of natural regeneration leading to the risk of genetic erosion. The aims of this work were to determine the chromosome number of three populations of Hedeoma multiflorum native to Córdoba (Argentina) and characterize them from the meiotic point of view. Most of the somatic cells observed showed the chromosome number 2n=72. In relation to their meiotic behavior, irregularities as presence of univalent, laggards, micronucleus and occurrence of cytomixis were observed. The characterization of the native germoplasm of this valuable aromatic and medicinal species is fundamental to achieve its sustainable handling and conservation.
Hedeoma multiflorum Benth. (Lamiaceae), commonly known as tomillito de las sierras , is a xerophytic species widely distributed in the central highlands of Argentina, from Santiago del Estero to Río Negro. In Córdoba, this species can be found in several provincial departments (Colón, Calamuchita, Pocho, Punilla, San Javier, San Alberto and Santa Maria). Usually, plants of Hedeoma multiflorum grow in dry areas with low fertility (Irving 1980a , 1980b , Barboza et al. 2006 but it can also grow in well-lighted, calcareous soils with medium fertility (Brunetti et al. 2008) .
H. multiflorum is a very aromatic perennial herb that grows as small clumps of 10 to 20 cm in height, with many ascending stems. Its leaves (4-6 mm long) are oblong-linear, sessile, pubescent and dotted. It has axillary flowers with pedicels of 2-4 mm, with tubular fivetoothed calyces (of 6-7 mm long) and lilac or blue twolipped corollas (Irving 1980a) . Fruits are constituted by four brown achenes (0.8-1.0 mm of diameter) inserted in a persistent calyx. The abaxial surface of leaves, green stems and flowers are covered with simple glandular hairs that secrete an aromatic essential oil whose main chemical components are L-limonene, menthone and pulegone (Barboza et al. 2001 , Barboza et al. 2006 , Brunetti et al. 2008 , Liébana 2011 .
Because of its stimulant and digestive properties, plants of this species are used in food industry mainly for producing herb blends and bitter juices; they are also used in herbal medicine and aromatherapy (Ratera and Ratera 1980 , Barboza et al. 2006 , Goleniowski et al. 2006 .
Due to its many uses, H. multiflorum is collected in the wild as a whole plant and it is becoming increasingly difficult to find in the Sierras de Córdoba and surrounding areas. This uncontrolled exploitation reduces the size of natural populations, exceeding their rate of natural regeneration and leads to the risk of genetic erosion (Elechosa et al. 2009 ). Moreover, the indiscriminate depletion is exacerbated by the reduction of patches of vegetation as a result of the advance of the agricultural frontier and urbanization (Brunetti et al. 2008 , Liébana 2011 .
In order to achieve a rational and sustainable use of H. multiflorum and to establish an effective production system (Díaz Cúneo 2012) the cytogenetic characterization of the species is essential (Ordóñez et al. 2002) . Thus, the aims of this work were to determine the chromosome number of three populations of H. multiflorum, native from Córdoba (Argentina), and characterize them from the meiotic point of view.
Materials and methods
Three natural populations of H. multiflorum were collected from the following locations of Córdoba (Argentina): Salsacate (Departamento Pocho), Villa Las Rosas (Departmento San Javier) and Santa María (Departmento Punilla), hereafter named P 1 , P 2 and P 3 , respectively.
In order to determine the chromosome number of the three populations, actively growing root tips of 2-5 mm in length were obtained from germinated seeds and treated with an aqueous saturated solution of p-dichlorobenzene (PDB) during three hours at room temperature. After treatment with PDB, all root tips were rinsed with distilled water and fixed in Farmer solution (1 acetic acid: 3 ethylic alcohol) during 24 h at 4 C and kept in 70% alcohol until use. Squashes were made following the technique described by Matzke et al. (1994) .
For the meiotic behavior analysis, young inflorescences were collected from mother plants from October 2009 to March 2010. The inflorescences were first fixed in Farmer solution during 24 h and kept in 70% alcohol until use. Temporary squashes were made with 2% acetocarmine according to standard squash techniques described by Ochoa de Suárez et al. (1987) .
The best squashes were made permanent, following the Bradley method (Di Fulvio et al. 2004) , and photomicrographs of both meiotic stages as well as the metaphase plates were made in a Nikon Eclipse E400 photomicroscope, using Kodak Professional BW 400 film.
Results and discussion
The chromosome number of three populations of H. multiflorum Benth. (tomillito de las sierras) was determined. For all three populations, most of observations showed a somatic chromosome number 2n=72 (Fig. 1a c) and these results were confirmed by observing cells in pachytene stage (prophase I) where the chromosome number n=36 was observed (Fig. 1d) . However, several cells belonging to the same individual showed variations in their somatic chromosome number; finding cells with 2n=144 in plants of P 1 (Fig. 2a) , 2n=126 in plants of P 2 (Fig. 2b ) and 2n=108 in plants of P 3 (Fig. 2c) . These results are in agreement with those of Irving (1980a Irving ( , 1980b and Goldblatt (1984) who reported somatic chromosome numbers 2n=34, 44, 72 and 144, despite the fact that most of the Hedeoma species showed a somatic chromosome number 2n=36. Moreover, the chromosome count in pachytene stage confirmed the tetraploid nature of this species, being x=18 in agreement with the basic chromosome number reported by Irving (1976 Irving ( , 1980b . Commonly the Lamiaceae family shows a range of (100 ); c) Metaphase II with univalents (100 ); d) Anaphase I with laggards in P 1 (100 ); e) Cytomixis bridges among cells in Telophase II of P 2 (100 ); f) Telophase II with micronuclei (100 ); g) Cytomixis bridges in tetrads of P 1 (100 ); h) Abnormal cluster in P 1 (hexade) (100 ).
basic chromosome numbers, mostly multiples of x=5 (Raven 1975) to 18 chromosomes (Irving 1976 , 1980b , Kundu and Sharma 1988 . The presence of different chromosome numbers in somatic cells within the same species was also observed in several genus of this family, such as in the case of Mentha (Ayyangar and Vembu 1985 , Queiros 1985 , Pogan et al. 1986 , Tyagi and Ahmad 1989 , Ahmad et al. 1992 , Chambers and Hummer 1994 , Origanum (Gill 1984 , Ayyangar and Vembu 1985 , Wentworth et al. 1991 and Minthostachys (Alkire et al. 1994 , Ordóñez et al. 2002 , and genera Hedeoma is not an exception. In relation to the chromosomal behavior during meiosis, the studied populations showed a variable percentage of abnormalities (Table 1) . Occurrence of cytomixis and presence of univalent and micronuclei were common to the three populations. In populations P 1 (Salsacate) and P 2 (Villa Las Rosas) the most frequent abnormality was the occurrence of cytomixis. P 1 showed the highest percentage of cytomixis, mainly observed in prophase I (Fig. 1a) and tetrads stages (Fig. 1g ), while in P 2 cytomixis was observed in prophase I and telophase II (Fig.  1e) . In P 3 (Santa María) the most frequent abnormalities were the presence of micronuclei, observed in telophase II (Fig. 1f) , and triads.
Cytomixis has been reported in different tissues of many flowering plants, including the Lamiaceae family (Ordóñez et al. 2002) . This process may have serious genetic consequences, such as the formation of pollen mother cells with anomalous chromosome numbers (Omidi et al. 2014) , abnormal microspores clusters (triads, pentads, hexads) and pollen sterility (Singhal and Kumar 2008 , Massoud et al. 2011 , Nouroozi et al. 2011 , Singhal and Kaur 2011 .
The presence of univalents was observed in metaphase I of populations P 1 and P 2 and in metaphase II of populations P 1 and P 3 (Fig. 3b, c) , while the presence of laggards was observed in anaphase I of populations P 1 and P 2 (Fig. 3d) , where the population P 1 showed the highest percentage of laggards, and micronuclei were observed in telophase II of the three populations, with P 3 being the one that showed the highest percentage of micronuclei (Fig. 3f) .
Finally, abnormal clusters, such as triads and hexads, were also observed. Triads were found in populations P 1 and P 3 , while hexads were only observed in population P 1 (Fig. 3h) .
According to Massoud et al. (2011) , univalent chromosomes formed during late prophase stages by precocious chiasma terminalization in early metaphase I result in laggard formation; these laggards fail to reach the poles in time to be included in the main telophase nucleus and lead to the formation of micronuclei. The occurrence of all these abnormalities could be genetically controlled (Maich and Manero 2007) , but also could be highly influenced by physiological and environmental factors (Prieto García et al. 2005 , Loza et al. 2005 , Mandal et al. 2013 .
It is reasonable to think that the occurrence of all these abnormalities during meiosis, mainly cytomixis, can explain the presence of polyploid cells (2n=144, 2n=126, 2n=108) observed in plants of H. multiflorum. 
